Hypothesis: There exist predictors of mortality and the need for colectomy among patients with fulminant Clostridium difficile colitis.
trophil bands, Ն10%), and (3) cardiorespiratory failure (intubation or vasopressors). When all 3 factors were present, the mortality rate was 57.1%; when all 3 were absent, the mortality rate was 0%. Patients who underwent colectomy had a trend toward decreased mortality rates (odds ratio, 0.49; 95% confidence interval, 0.21-1.1; P =.08). Among patients admitted primarily for fulminant C difficile colitis, care in the surgical department compared with the nonsurgical department resulted in a higher rate of operation (85.1% vs 11.2%; PϽ.001) and lower mortality rates (12.8% vs 39.3%; P = .001). Patients admitted directly to the surgical department had a shorter mean (SD) interval from admission to operation (0 vs 1.7 [2.8] 
days; P=.001).
Conclusions: Despite awareness and treatment, fulminant C difficile colitis remains a highly lethal disease. Reliable predictors of mortality exist and should be used to prompt aggressive surgical intervention. Survival rates are higher in patients who were cared for by surgical vs nonsurgical departments, possibly because of more frequent and earlier operations.
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C LOSTRIDIUM DIFFICILE CO- litis is the most common nosocomial infection of the gastrointestinal tract, affecting more than 3 million patients per year in the United States, and is associated with significant morbidity and mortality. [1] [2] [3] Clostridium difficile is an anaerobic, spore-forming, grampositive bacillus that in pathogenic strains produces 2 important exotoxins that cause diarrhea and colitis. When established in the colon, it causes a spectrum of disease severity, ranging from asymptomatic carriage to severe diarrhea, pseudomembranous colitis, toxic megacolon, colonic perforation, or death. Fulminant C difficile colitis has been broadly defined as C difficile colitis with significant systemic toxic effects and shock, resulting in need for colectomy or death, and occurs in approximately 3% to 5% of patients with C difficile colitis, with a marked increase in severity and mortality during the last several years. [4] [5] [6] The objectives of this study are to analyze characteristics of and treatment patterns in patients with fulminant C difficile colitis and to identify predictors of mortality.
METHODS
All patients with C difficile colitis admitted at the Massachusetts General Hospital during a 12-year period (January 1, 1996, to December 31, 2007) were identified by the discharge diagnostic code for C difficile or pseudomembranous colitis (International Classification of Diseases, Ninth Revision code 008.45). 7 We defined fulminant C difficile colitis as the need for intensive care unit (ICU) admission or colectomy owing to C difficile colitis. We included only those patients who were admitted to the ICU primarily for C difficile colitis or who were already in the ICU for other reasons but developed C difficile colitis that required a prolonged ICU stay. Patients with C difficile colitis who were in the ICU for unrelated reasons were excluded. In unclear cases, 3 independent investigators (E.A.S., K.S., K.C.) reviewed the medical records to form consensus. The diagnosis of fulminant C difficile colitis was confirmed by toxin immunoassay (Premier Toxin A/B test; Meridian Diagnostics, Cincinnati, Ohio), endoscopic findings, or histopathologic analysis by surgical specimen or autopsy or by the appropriate clinical context in the setting of recent documented C difficile colitis. Primary outcome was inpatient mortality, and secondary outcome was the need for colectomy. Some colectomy patients have been previously described. 8 We collected data on demographics; comorbidities (diabetes mellitus; immunosuppression; cardiovascular, pulmonary, and renal disease; and cancer); history of hospitalization and antibiotic therapy during the 2 months before the current admission; recurrent C difficile colitis in the 6 months before the current admission; vital signs; symptoms; abdominal examination findings; mental status; body temperature; white blood cell (WBC) count; radiographic or endoscopic findings; medical (antibiotics, intubation, and vasopressors) and surgical (type of operation) intervention; interval between diagnosis and surgical intervention; surgical findings; sequential organ failure assessment score 9 ; ICU and hospital length of stay; mortality; and primary department that provided care.
Patients who survived were compared with those who died. Categorical data were compared by the Fisher exact or 2 test and continuous data by the Student t test. Pertinent continuous variables were dichotomized at predefined, clinically meaningful cutoff values. Variables with P Ͻ .20 in the univariate analysis or considered to be clinically important were entered into multiple logistic regression models to identify independent predictors of colectomy and mortality. Variables with PϽ.05 were retained in the model as significant predictors, and variables that produced an effect size change greater than 20% were retained in the model as significant confounders. The odds ratios (ORs) and 95% confidence intervals (CIs) were reported for each independent predictor. A 2-tailed P Յ.05 was considered statistically significant in all comparisons. All data are presented as mean (SD), unless otherwise specified. Approval was obtained from our institutional review board.
RESULTS

DESCRIPTION OF PATIENTS WITH FULMINANT C DIFFICILE COLITIS
Of 532 810 patients admitted to our hospital during the 12-year study period, 4796 had C difficile colitis (incidence, 0.9%), and 199 patients had fulminant C difficile colitis (4.1% of patients with C difficile colitis). The incidence of C difficile colitis increased from 0.65% in 1996 to 1.2% in 2007, and the incidence of fulminant C difficile colitis increased from 2.5 per 10 000 admissions in 1996 to a peak of 6.3 per 10 000 admissions in 2005 (PϽ .001 for both). The mean (SD) age of patients with fulminant C difficile colitis was 68.3 (15.6) years, and 48.2% were male. Sixty-three patients (31.7%) developed fulminant C difficile colitis during an admission for another disease, whereas fulminant C difficile colitis was the primary reason for admission in 136 (68.3%). Most (86.9%) had been hospitalized in the previous 2 months, and 66 patients (33.2%) were postoperative (11 gastrointestinal and 55 nongastrointestinal operations). Major comorbidities included diabetes (29.6%), renal insufficiency (25.1%), cancer (25.6%), heart disease (51.3%), and chronic obstructive pulmonary disease (26.6%). One hundred patients (50.3%) were immunosuppressed (42.2% because of long-term steroid therapy, 15.1% because of chemotherapy, 4.0% because of immunosuppressive medications for organ transplantation, and 1.5% because of human immunodeficiency virus or AIDS). One hundred eighty-two patients (91.5%) had known antibiotic exposure in the previous 2 months. The most common preceding antibiotics were fluoroquinolones (39.0%), cephalosporins (35.7%), penicillins (15.4%), and clindamycin (11.5%).
Some degree of abdominal tenderness was found in all patients who could be examined; 35 (17.6%) had no diarrhea. The mean (SD) peak WBC count was 31 900/µL (20 900/µL), with 18.1%(15.2%) neutrophil bands. One hundred twenty patients (60.3%) required cardiorespiratory support (intubation in 85 and vasopressors in 92). The mean (SD) sequential organ failure assessment score was 5.6(3.4).
A stool toxin immunoassay was performed in 194 patients, with a positive result in 179 (92.3%). In the 15 patients with a false-negative toxin assay result, the diagnosis of C difficile colitis was made by endoscopy in 6, computed tomography (CT) or recent positive toxin assay result with the appropriate clinical context in 7, and pathologic examination of the specimen in 2. All 23 patients who underwent endoscopy had findings consistent with C difficile colitis. Of 150 patients who underwent CT during the acute phase of fulminant C difficile colitis, abnormal findings were detected in 140 (93.3%), including colonic wall thickening in 126 (84.0%), colonic dilation in 34 (22.7%), free fluid in 79 (52.7%), and free air in 6 (4.0%). All colon pathologic specimens obtained from the operation confirmed the diagnosis of C difficile colitis.
Seventy-six patients (38.2%) were cared for by the general surgical department, and the remaining 123 patients (61.8%) were cared for by a nonsurgical department (medicine, neurology, neurosurgery, gynecology, or pediatrics). Medical treatment included oral metronidazole in 161 (80.9%), oral vancomycin in 88 (44.2%), and both in 79 (39.7%). Seventy-eight patients (39.2%) underwent an operation, including subtotal colectomy with diverting ileostomy in 69 (88.5%), hemicolectomy in 6 (7.7%), and exploratory laparotomy without bowel resection in 3 (3.8%). In the last 3 cases, the colon was found to be dilated intraoperatively but colectomy was not performed. The stool toxin was positive for C difficile postoperatively, and 2 of the 3 patients died. At laparotomy, 44 patients (58.7%) had only nonspecific findings (edema, free fluid, or dilation). Of the remaining patients, 30 (40%) had colonic ischemia or infarction, and 12 (16%) had perforation. Table 1 compares patients treated nonoperatively with those who underwent colectomy. Patients were more likely to undergo colectomy if they presented with abnormal abdominal examination results (tenderness, distension, and peritonitis), had a higher peak WBC count or bandemia, had abnormal CT results (thickening, dilation, ascites, or perforation), or required intubation. A history of C difficile colitis in the recent past (recurrent C difficile) colitis was protective. Independent predictors of colectomy include abdominal distention (OR, 4.0; 95% CI, 2.0-8.4; P Ͻ.001), peritonitis (OR, 4.3; 95% CI, 1.6-11.5; P=.004), positive CT results (OR, 4.3; 95% CI, 1.8-10.7; P=.001), and no prior history of C difficile colitis (OR, 2.3; 95% CI, 1.0-5.0; P = .046).
PREDICTORS OF COLECTOMY
PREDICTORS OF MORTALITY
The overall inpatient mortality rate was 34.7% (69/ 199). Table 2 compares those who survived with those who died. The independent predictors of mortality are given in Table 3 : age of 70 years or older, WBC of 35 000/µL or higher or less than 4000/µL, neutrophil bands of 10% or more, need for vasopressors, and intubation. Notably, patients who underwent colectomy had a trend toward decreased mortality rates (OR, 0.49; 95% CI, 0.21-1.1; P =.08) after controlling for other predictors of mortality. Treatment with oral vancomycin was also associated with decreased mortality (OR, 0.25; 95% CI, 0.11-0.55; PϽ.001). The C statistic for the model with the predictors listed in Table 3 was 0.84.
These clinical predictors were further combined into 3 groups, easily usable at the bedside: (1) age of 70 years or older, (2) marked leukocytosis or leukopenia (WBC count, Ն35 000/µL or Ͻ4000/µL; or neutrophil bands, Ն10%), and (3) cardiopulmonary support (vasopressor agents and/or intubation). Table 4 gives the relative contribution of each of these 3 combined predictors to mortality. When all 3 predictors were present, 57.1% of patients died; when all were absent, no patient died. In particular, the presence of cardiopulmonary failure was more strongly associated with mortality (OR, 5.5; 95% CI, 2.6-11.3; P Ͻ .001) than old age (OR, 2.3; 95% CI, 1.2-4.6; P=.01) or either leukocytosis or leukopenia (OR, 2.9; 95% CI, 1.3-6.6; P =.01).
Among the 136 patients admitted to the hospital with a primary diagnosis of fulminant C difficile colitis, the mortality rate was 3.1 times higher (95% CI, 1.4-6.8; P=.001) in those cared for by the nonsurgical department compared with the surgical department ( Table 5) . Colectomy was performed more frequently in the patients in the surgical department, and the interval from admission to operation was shorter. For example, patients admitted directly to the sur- gical department underwent colectomy within a mean (SD) of 1.0(1.3) days of hospital admission and all immediately underwent colectomy on admission to the ICU. This is in distinction to patients admitted to the nonsurgical department, who underwent colectomy a mean (SD) of 3.4(4.2) days after admission to the hospital (P=.003), and after 1.7 (2.8) days of admission to the ICU (P=.001). Patients treated in the surgical department had significantly more abdominal distention, tenderness, and peritonitis and had CT findings of colonic wall thickening, ascites, or perforation, although they were less likely to require vasopressor support compared with those treated by a nonsurgical department. Even after controlling for these variables and other predictors of mortality, the department that cared for the patient (nonsurgical vs surgical) remained an independent predictor of mortality (OR, 3.4; 95% CI, 1.1-10.6; P=.03). 
COMMENT
The incidence of C difficile colitis in the United States increased significantly from 31 per 100 000 population in 1996 to 61 per 100 000 population in 2003. 2 Approximately 300 000 cases of C difficile colitis occur annually among hospitalized patients and are responsible for 3.6 hospital-days per patient and a total annual cost of more than $1.1 billion. 10 The severity of C difficile colitis also Abbreviations: WBC, white blood cell; −, negative; +, positive. a Abnormal WBC count indicates a white blood cell count of 35 000/µL or more or less than 4000/µL (to convert to ϫ10 9 /L, multiply by 0.001) or neutrophil bands of 10% or more; cardiopulmonary failure, a requirement for vasopressors or intubation; and elderly, age of 70 years or older.
b P Ͻ .001 for mortality according to the number of risk factors present. c P = .04 for mortality after colectomy according to the number of risk factors present.
appears to be increasing, with an overall incidence of 1% to 5% of C difficile colitis patients progressing to ICU admission, colectomy, or death. 11 There was a 2.7-fold increase in age-adjusted deaths due to fulminant C difficile colitis from 1999 to 2002 according to a review of US death certificates. 4 In our study, we have found a 2-fold increase in the incidence of C difficile colitis and an almost 3-fold increase in the incidence of fulminant C difficile colitis during a 12-year study period.
Mortality rates attributable to fulminant C difficile colitis remain high and are reported to be 57% at the University of Pittsburgh, 6 38% at Johns Hopkins University, 12 37.5% in the United Kingdom, 13 48% at the Veterans Affairs hospitals, 5 34% in Quebec, 14 and 34% in New York, 15 even after colectomy. We report the largest series of patients with fulminant C difficile colitis to our knowledge. In our series, 75 patients (37.6%) underwent colectomy, and 69 patients (34.7%) died. The high mortality rates may be related to increased recognition of fulminant C difficile colitis, which could have remained undetected in the past, higher virulence and antibiotic resistance of the bacterium as a result of the indiscriminate use of antibiotics, or failure to improve our therapeutic strategies. Three independent predictors of mortality were identified: (1) older age (Ն70 years), (2) severe infection (WBC count, Ն35 000/µL or Ͻ4000/µL; or neutrophil bands, Ն10%), and (3) need for cardiorespiratory support (vasopressors and/or intubation). No patient died in our study in the absence of all 3 risk factors, whereas 57.1% died when all 3 were present. Although we cannot retrospectively conclude that an earlier operation could have improved the outcome for these patients, it is reasonable to target subpopulations defined by these 3 risk factors for aggressive surgical intervention, particularly before the onset of cardiorespiratory failure.
In our fulminant C difficile colitis population, urgent colectomy seemed to improve survival. The medically treated patients were different at baseline from those who underwent colectomy, with the latter group being clearly sicker. Despite this fact, after controlling for the differences, patients who underwent colectomy were 2.1-fold more likely to survive (P=.08) compared with those who were treated medically. A study 14, 16 from Canada demonstrated a survival benefit from colectomy during an epidemic outbreak of a hypervirulent strain of C difficile, and another study 17 from Connecticut suggested that earlier surgical intervention was associated with improved outcome. Our study is the first to demonstrate a survival benefit for colectomy in nonepidemic fulminant C difficile colitis. However, in all of these analyses, including ours, the lack of randomization limits the conclusions.
To further understand the effect of different treatment policies on outcome, we compared patients cared for in surgical and nonsurgical departments. As expected, there is a tendency for more aggressive operative intervention in patients in the surgical department. To exclude the confounding issues related to patients who developed fulminant C difficile colitis while being treated in the hospital for other reasons, we analyzed only those who were admitted primarily for fulminant C difficile colitis. Patients admitted to a nonsurgical department were taken to the operating room on average 1.7 days later than those admitted directly to a surgical department. Furthermore, patients treated in a nonsurgical department had a 3.4-fold greater mortality rate compared with patients treated in the surgical department. Obviously, multiple factors may have influenced the outcome of these 2 groups, but even when controlling for confounding variables, the type of care remained an important and significant predictor of outcome. Clearly, causality between mortality and the primary department that cared cannot be established by this retrospective study. Nevertheless, the possibility of a more aggressive treatment philosophy resulting in improved survival cannot be ignored and must be explored further.
Another point of interest confirmed by our study is the use of oral vancomycin. Overall, only 44.2% of our patients with fulminant C difficile colitis were treated with oral vancomycin, either as a single agent or as combination therapy with oral metronidazole. Vancomycin is reserved as a second-line agent in the treatment of mild to moderate C difficile colitis because metronidazole is considered to be equally effective and less costly and avoids vancomycin resistance. However, for patients who progress to severe disease, it is important to convert to or add vancomycin. 18 Oral vancomycin independently increased the odds of survival by 4-fold in our population. It seems that adequate medical therapy combined with prompt surgical therapy are crucial in improving survival, although the statistical weight of the 2 variables was different in our multivariate analysis.
The identification of C difficile colitis patients through an administrative database by ICD-9 codes and the arbitrary definition of fulminant C difficile colitis by the need for ICU admission may affect the accuracy of our analysis. However, all cases were confirmed by toxin assay, endoscopy, or surgical and pathologic findings with the appropriate clinical context. The exact decision making could not be extracted through the review of medical records. The addition of 2 patients who required colectomy but no ICU admission may have introduced a small bias in our analysis of the need for operation among patients with fulminant C difficile colitis. Despite these limitations, our study is the largest series of fulminant C difficile colitis to date and identifies a disturbingly high mortality rate. Predictors of mortality exist and should be used to identify patients who require early and ag- 
